Objectives-A series of three recurrent central neurocytomas treated by gamma knife radiosurgery (GKRS), which were initially totally resected, are described. Up to now, no reports exist on this treatment modality for this rare tumour entity. Methods-Three male patients, aged between 20 and 25 years, presented with large intraventricular tumours. Total tumour removal was achieved by a single surgical procedure (one patient) or two operations (two patients). Neuropathological investigation showed a central neurocytoma, immunohistochemically all three tumours expressed a neuronal antigenetic profile typical for neurocytomas, and the MIB-1 proliferation index ranged from 2.4% to 8.7%. Each patient experienced a tumour recurrence after 5 to 6 years. The recurrence was multifocal in two and a singular tumour mass in one patient. Gamma knife radiosurgery was performed. The tumours were enclosed within the 30% to 60% isodoseline, and delivered a tumour marginal dose of 9.6 to 16 Gy. During the follow up period, the patients were tested clinically and the volume of the tumours was measured on MRI. Results-Within follow up periods of 1 to 5 years, control MRI showed a significant decrease of the tumour mass in all cases. None of the patients developed new neurological symptoms after GKRS. Two patients returned to work in their previous employment, whereas one patient remained permanently disabled due to a pre-existing visual impairment and abducens palsy. Conclusion-GKRS proved to be a useful tool in the treatment of recurrent central neurocytomas. Tumour control and even tumour shrinkage can be achieved with a single procedure and a low risk of morbidity. (J Neurol Neurosurg Psychiatry 2001;70:489-493) 
Central neurocytomas were described as a new tumour entity by Hassoun et al in 1982 with a typical immunohistochemical profile and ultrastructural features of neuronal diVerentiation. 1 These tumours occur predominantly in young adults with an incidence of 0.1% to 0.5% of all intracranial tumours. [2] [3] [4] They are generally located in the lateral ventricles with or without extension to the third ventricle, and they have also been reported to occur sporadically at other locations. [5] [6] [7] [8] [9] [10] Usually they present with a benign clinical course, although recurrences and malignant forms have been described. 4 11-13 Microsurgical resection is commonly regarded as the treatment of choice. [14] [15] [16] [17] As total resection is not always possible, the question concerning a safe and eVective adjunctive treatment option of residual tumours and recurrences remains topical. Only very few reports exist about chemotherapy. 15 18 Fractionated (whole brain or local) radiation therapy is still controversial, although many authors suggest this treatment option after total resection as well as after subtotal or partial resection.
14-17 19 20 Some authors report on tumour shrinkage and even tumour disappearance after conventional radiation therapy, delivering 48 Gy to 61 Gy by 180 cGy to 200 cGy fractions. 14 15 17 19 Gamma knife radiosurgery was pioneered in Sweden in 1968. 21 The mechanism is a precise, single session, closed skull destruction of an intracranial target by ionising beams of radiation. 22 Especially within the past 10 years it has gained increasing importance in the treatment of malignant as well as benign tumours. By contrast with open surgery, the aim of GKRS in benign tumours such as acoustic neurinomas or meningeomas is not total tumour removal, but long term tumour control. 23 This paper retrospectively summarises our experiences with GKRS in the treatment of recurrent central neurocytomas. Special attention was given to the eYcacy of radiosurgery on changes in tumour volume and on postradiosurgical morbidity.
To our knowledge, this constitutes the first report on the use of GKRS in central neurocytomas.
Material and methods
Between 1987 and 1991 we encountered three male patients, aged between 19 and 25 years, who all became symptomatic with signs of increased intracranial pressure (table 1) . In addition we found hemihypaesthesia, abducens palsy, and visual impairment. The neuroradiological investigation disclosed a hydrocephalus in all patients, the tumours had strong contrast enhancement and cystic parts. By means of one to two surgical procedures total resection of tumours was achieved in all three patients, documented by postoperative CT. Neuropathological investigation classified the tumours as central neurocytomas and showed immunopositivity for neuron specific enolase (NSE) and synaptophysin (SYN) but immunonegativity for glial fibrillary acidic protein (GFAP), S 100 protein (S 100), and neurofilament protein (NFP) in each tumour. The MIB-1 proliferation indices were 2.4%, 7%, and 8.7%.
Five to 6 years after the last surgical procedure, there were tumour recurrences in both lateral ventricles, as a singular tumour nodule in one patient, and multifocal in two. An additional tumour nodule in the third ventricle was seen in one patient. Before radiosurgery, two patients had shown no neurological deficit. One patient had an abducens palsy and a visual impairment due to optical atrophy since the beginning of his illness.
RADIOSURGICAL TECHNIQUE
After local anaesthetic scalp infiltration (1% xylocain), we screwed on to the patient's skull an MRI compatible Leksell stereotactic frame (Elekta Inst© AB, Sweden). In all patients, T2 weighted and contrast enhanced T1 weighted multiplanar MRI with a slice thickness of 3 mm was performed. The target coordinates, the positioning of the isocentres, and the time of radiation was calculated using the KULA dose planning system (Elekta Inst© AB, Sweden). Radiosurgery was performed using a 201 source Cobalt 60 gamma knife unit (Elekta Inst © AB, Sweden). The tumours in the lateral ventricle were treated with a marginal dose of 12.5 Gy to 16 Gy by enclosing the tumours with the 50% to 60% isodoseline. In one case, an additional tumour nodule at the bottom of the third ventricle was treated with 9.6 Gy only delivered to the 30% isodoseline by using small 4 mm isocentres with a steep fall oV of irradiation, due to the tumour's proximity to the optical system. According to tumour size and the number of lesions 3, 12, and 17 isocentres were used (table 1) . After GKRS, all three patients left hospital within 24 hours.
POSTRADIOSURGICAL EVALUATION
For the postradiosurgical follow up, as for the treatment planning, MRI with a slice thickness of 3 mm was chosen. The tumour volume at the time of treatment was calculated with the volumetric programme of our treatment planning system Gamma Plan 5. 12 (Elekta Inst © AB, Sweden). For volumetry of the radiological follow up, the MR images were scanned and the volume was calculated using the Osiris medical imaging software developed at the University Hospital of Geneva, Switzerland. In the two cases of multifocal tumour recurrence, the volumes of all tumour nodules were added together.
Results
We encountered no radiosurgically related complications. After GKRS no patient developed new neurological deficits. One patient remained retired due to his pre-existing abducens palsy and visual impairment. The other two patients were integrated into their previous employment after GKRS. Unfortunately one of them died due to cardiac failure as a consequence of pericarditis 1 year after treatment. Therefore a clinical follow up as well as a neuroradiological follow up of 1, 2, and 5 years was achieved.
Tumour shrinkage was seen in all cases. The volume measured before radiosurgery ranged from 600 cm 3 to 5900 mm 3 . Within the follow up period the volumes of the tumours in the lateral ventricles decreased and ranged from 250 mm 3 to 3100 mm 3 . In one patient the tumour nodule in the third venticle had almost vanished by 2 years. Calculation of the percentile changes of the tumour volumes gave a decrease of 58%, 40%, and 61% (table 2, figure).
Discussion
Central neurocytomas are characterised by a benign course, although malignant variants 4 11-13 and disseminations have been reported. 11 18 20 24 In line with the general characteristics of central neurocytomas, our patients were young adults, the onset of symptoms was abrupt, and all patients became symptomatic with signs of increased intracranial pressure. 4 14 15 17 25 26 The tumour locations in our series were mainly both lateral ventricles with extension to the third ventricle in one patient, such as described in previous reports. The neuropathological investigation of the tumours showed no histological signs of malignancy and an expression of a typical neuronal antigenetic profile was detected in all three tumour specimens. Corresponding to the literature, all of the central neurocytomas were strongly positive for NSE and SYN. No immunohistochemical expression was found for NFP, GFAP, and S 100, exept in reactive astrocytic cells. 2 4 12 16 17 19 25 26 The MIB-1 proliferation index is reported to range from 0.1% to 8.6%, 3 28-30 and one author even reports an extremely high index of more than 50%. 11 The proliferation indices of our series were in the upper range with 2.4%, 7%, and 8.7%.
Microsurgical resection is the method of choice in primary treatment. [14] [15] [16] [17] Total tumour removal was reported in about half of the patients 4 14 15 19 26 and tumour recurrences have also been reported. 4 12 14 17 25 26 Thus a strong demand remains for a safe adjunctive treatment of subtotally resected central neurocytomas but also of recurrence. Therapeutical policies include a "wait and see" strategy, GKRS=Gamma knife radiosurgery reoperation, chemotherapy, and radiation therapy. Only few reports have hitherto been published about the eYcacy of chemotherapy, which is not widely used at present in combating this tumour entity. 15 18 19 The indication for radiation therapy is still controversial, although many authors performed radiotherapy after subtotal as well as after total resection. 14-17 19 20 Whole brain or local radiotherapy was applied by delivering a dose of 48 Gy to 61 Gy through 180 cGy to 200 cGy fractions 14 15 20 28 and radiological tumour shrinkage and even tumour disappearance has been described. 14 17 19 20 Except for one case of demyelinating changes in the brain parenchyma adjacent to the tumour covered by the field of radiation therapy, there are no reports dealing with complications or undesired side eVects of irradiation. 14 Fujimaki et al reported on a patient in whom the MIB-1 proliferation activity after radiotherapy decreased from 5.6% to 0.25%. 28 Schild et al reported a large series of 32 central neurocytomas followed up for 2.3 to 15.3 years. 15 In their patients, total resection was achieved in 10 and subtotal resection in the remaining 22. Radiation therapy was administered to five patients with totally resected and to eight patients with subtotally resected central neurocytomas. They found that the 5 year local control rate and the 5 year survival rate could be improved by total resection as well as by radiation therapy. Kim et al described a series of 15 patients with central neurocytomas.
14 Seven of them were totally resected, two of the patients received radiation therapy and had no recurrence within a follow up period of 41 to 94 months. Recurrences were found 8 and 21 months after surgery in two of the five remaining patients with totally resected, but not irradiated central neurocytomas. The tumours in the five patients who received radiation therapy after subtotal resection shrank or even disappeared during the follow up period of 27 to 113 months. Three patients who did not receive radiation therapy after
T1 weighted MRI after application of contrast medium shows the recurrent multilocal tumour nodules of a central neurocytoma (CN) located in both lateral ventricles at the time of radiosurgery. (A) axial view; (B) coronal view treated with 13 Gy at the 60% isodoseline. Five years after treatment, MRI demonstrates an obvious shrinkage of the total tumour mass. (C) axial view; (D) coronal view.
subtotal resection had no change in their residual tumour after 4 to 76 months. Nakagawa et al compiled a review of the literature covering 26 patients who had received radiation therapy mainly after subtotal resection. 20 They found three patients who had not received any further therapy, yet did well. In their own series radiation therapy caused tumour shrinkage and loss of contrast enhancement. Figarella et al reported a series of 20 central neurocytomas and recommended radiotherapy if total tumour removal was not possible. 19 They also reported two patients with central neurocytomas treated by ventricle shunting, followed by radiation therapy only. Both patients did extremely well within a follow up period of 6 and 7 years.
There are currently no reports dealing specifically with GKRS as a means of controlling residual or recurrent central neurocytomas. Although Schild et al mentioned that one patient in their series of 13 irradiated central neurocytomas was treated with GKRS delivering a dose of 15 Gy, they did not report the eVects on that particular patient. 15 In our series, multiple microsurgical resections via diVerent approaches led to total removal. Total resection was confirmed by the surgical report and postoperative CT as MRI was not available at that time. Therefore, no additional radiation therapy was given. Nevertheless, new tumour growth occurred in all patients 5 to 6 years after open surgery. So surgery might have led to gross total resection only, if small residual tumours were not obvious on postoperative CT. The characteristics of tumour regrowth were the development of a single tumour nodule in the tumour bed of one patient and multilocal tumour nodules at diVerent sites in the other two patients. On MRI these tumour nodules demonstrated moderate contrast enhancement and a clear demarcation from the surrounding brain tissue. In the literature no multicentric central neurocytoma recurrences have been reported so far. As these small nodules in both lateral ventricles and the third ventricle could not be resected, we chose GKRS for their treatment. For the follow up periods of 1 to 5 years the aim of GKRS-tumour control-was achieved in all cases. In addition, we found a significant decrease in tumour volume in all three recurrent central neurocytomas. All patients tolerated radiosurgery without presenting any additional neurological deficits.
In a slow growing tumour tissue with a low mitotic frequency as in central neurocytomas, the eVect of radiosurgery is commonly thought to be primarily vascular damage to tumour vessels resulting in tumour necrosis. The other eVect seems to be direct damage to the tumour tissue itself, as shown by histological examination. 31 Central neurocytomas have good vascularisation; therefore they demonstrate a strong contrast enhancement. This vascularisation seems to be responsible for the excellent response of central neurocytomas to GKRS.
The advantage of a focused radiation is that a high dose with a steep fall oV in radiation can be delivered precisely in one singe treatment session. In addition, the recurrent central neurocytomas are usually characterised by intraventricular growth, so they tend to be surrounded by CSF, and only a small part of the tumour has contact with the brain tissue. This makes them ideal targets for GKRS, as most of the dose surplus hits the CSF and the radiation burden to the neighbouring brain tissue can be kept at a minimum. In this way, the side eVects of radiosurgery are minimised.
Conclusion
As recurrences of central neurocytomas have been reported after total resection with and without adjunctive radiotherapy, the use of external fractionated radiation therapy after total tumour resection remains questionable. We recommend yearly control MRI, which would make the detection of even small tumour recurrences possible. If these happen, GKRS allows open surgery to be avoided and is a safe and eVective tool that can be administered within a single procedure. Thus, tumour control and even tumour shrinkage can be achieved with a low risk of side eVects. To reach this goal, low doses of irradiation delivered to the tumour margin seem to be suYcient. As this is the first report on GKRS for central neurocytomas, a longer follow up and reports from other centres are required.
